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Hans Joachim Senckel, DF 5 QZ 


A 13 cm Fully Transistorized Transverter 


All previously described and published 13 cm 
\ransmitiers operated exclusively with high 
local oscillator powers. Power mixers, such as 
with a diode BXY 28 (1), or with a tube 2C39 (2) 
require local oscillator powers In the order of 
1.5 to 2.5 W. In order to achieve such power 
levels, several varactors, as well as a power 
amplifier in the range of 350 to 500 MHz are 
used. The mechanical but also the financial 
expense are very considerable. For this 
reason, a transmitter was designed that could 
be manufactured at low cost and with low 
mechanical needs. 
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BLOCK DIAGRAM 


As can be seen in Figure 1, Ihe iransverler com- 
pnses fve modules, the imerdigital mixer and 
the IF-preamplifier are also given. 


The local oscillator module (DF&QZ 001) provi- 
Ges an extremely low spurious signal to ihe 
transmit mixer (002) The asciilator signal for the 
receive converler is taken al this point via a 
further BNC-connector The receiver comprises 
an onterdigital mixer with IF-preamplilier as 
described in (3). 
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amplifier 


OF 502 005 


Fig. 1: Block diagram of the transistorized 13 cm 
tansverter with receive converter 
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DF5 QZ 
001 


90.667 MHz 


Fig. 2. Lacal oscillator module DF5QZ 001 


The lransmit mixer is ina push-pull circuil, which 
converts up the oscillator signal and the 144 MHz 
drive signal lo Ihe required trequency range of 
2320-2322 MHz. iwo linear amplifier stages are 
provided to amplify the required signal by 10 dB 
before feeding it 10 the third stage. 


DF5QZ 003 1s equipped with a further two-stage 
linear amplifier, which supplies sufliciem power 
for driving the dnver module (004). This module 
is followed by a low-power amplifier (005). that 
provides an outpul power of { to 1.2 W. 


1. 
LOCAL OSCILLATOR MODULE 


The crystal oscillator of this module (Figure 2) 
oscillates al 90.666 MHz. This is multiplied by 
twelve to provide 1088 MHz (the frequencies 
Given in the circuil diagram are rounded down). 
This is followed by a printed 3-stage filler, which 
ensures a clean spectrum. The following tre- 
Quency doubler silage is driven via the series 
resonant Circuit comprising L 9 and generates 
the required local oscillator {frequency of 
2176 MHz The frequency doubler transistor T 5 
operates into a 7/2 air-spaced stripline circuil 
(L 10). In order to obtain very high efficiency and 
good setectivily, a printed inductance was not 
used here. 
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The output signal for Ine transmu mixer was 
fapped off at the 50 Q point of the circunl, where- 
as the coupling for the receive mixer (RX) 1s 
achieved via a coupling {ink in the direct vicinily 
of the output circuit 


This local oscillaior can also be used lor the 
23cm band by replacing the crystal wih a 
96.000 MHz type and leaving out Ihe last stage 
comprising T 5 The oulput frequency of 
1152 MHz is tapped off al the 50 2 point of L 8 
(which is usually soldered to L 9). The 3-stage fit- 
ler comprising L6 — L 8is highly selective, which 
means thal one |s able to obtain a very clean lo- 
cal oseillator signal for 1296 MHz equipment ha- 
ving an IF of 144 MHz. 


1.1. Components 


(1 Coil set Dlue/brown 

Bie: 2 turns of 1 mm dia. silver-plaled 
copper wire wound on a6 mm 
former, self-supporting 

Lae asl2 

L4-L8: printed on DF5QZ 001 

L9: Bent wire, link, made from 1 mm dia. 
silver-plated copper wire, bent 
around a6 mm former, 10 mm high 

L 10: Brass-plate strip, 6 mm wide, 35 mm 
total length, each end bent down by 
4mm 
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C,, Cp. Cc: Chip capacitors, approx. 1 nF; 
press into slols on the board! 
Trmmers: 2 — 12 pF: plastic foil trimmer, 
yellow (Philips) 
0.5-— 6pF: plasuc foil trimmer, 
grey (Philips) 
03- 3pF: ceramic spindle trimmer 
(Philips) 


Fig. 3: 
PC-board OF5QZ 001 showing 
component locations 


RFC 1-RFC 5. 2 turns of approx. 04 mm dia 
enamelled copper wire wound in a 
ferrite bead 

RFC6: = 2 Lurnsof 1) mm dia. silver-plated 
copper wire wound on a 2.5mm 
former, self-supporting 

Metal case. 74 x 148 x 50mm 

(cover dimensions x height) 
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1.2 Construction 


A double-coated PC-board DF5QZ001 was 
designed for accommodating the local oscillator 
module (Figure 3). The dimensions of this board 
are 146 mm x 72 mm and Ilcan be mounted in the 
given metal box, 


The upper surtace ts in the form of a ground sur- 
face, which 1s only removed around those con- 
nections that are nat grounded Since the ground 
surtace of the base can affect ihe oulput power, il 
is necessary for ihe cover on the cenductor lane 
side lo be soldered all around the edge The 
component Side of ihe board does not require a 
cover 


The board 1s firstly completed from the compo- 
nent side of the board. and the 3 pF spindle 
trimmers (horizontal) are saldered from the con- 
ductor side Il is impanant that the ground con- 
nections of these Irimmers be connecied with 
ihe ground surface of the companent side of the 
board. The oultpul circuit L 10 is also mounted 
{rom the conductor side. The cold ends af L$. L 7. 
and L 8 must be “‘through-cantactea”’ to Ihe com- 


@ Us 


Fig. 4° 
Construction detatls regarding the last frequency 
doubler on OF SOZ 001 


ponent side of the board using a copper strip 
Figure 4 shows this crilical part of the board 


1.3 Alignment Detalls 


The frequency is checked aller the crystal oscil- 
lator has locked in. The subsequent Irequency 
tripler stage 1s checked wilh the aid of a dipmeter 
or frequency counter since it is possible for the 
second harmonic to be aligned instead of the 


a5 
DF5QZ oo2 
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L6 L7? L8 


L10 
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BFR 36 A 
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Fig. 5: Push-pull mixer, 2-stage linear amplifter, and bias voltage supply 
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third. lf the required frequency is present al this 
position, |1 1s possible for ihe subsequent stages 
to be aligned for maximum output power An in- 
correct alignment is virtually impossible since 
these circuits have been designed exactly. The 
alignment of the A/2 ciscuil fo the final frequency 
does not present any problems and can be 
carned oul easily, 


2: 
TRANSMIT MIXER 


The mixer module comprises two BFR34A as 
push-pull mixer and two furiher transistors of 1his 
lype as selective linear ampliliers (see Figure 5). 
lL is also enclosed in a metal box, and the stages 
are buili up in separate chambers using !te7- 
mediate panels. 


Variaus allempts to use these SHF standard Iran- 
sistors, lype BFR34A. in printed circul:s on epoxy 
glasslibre boards have nal been successlul. Un- 
fortunately no allempis were made using PTFE 
board material due to the high costs envolved. It 
seems. however, thal the expected performance 
is nol wonh such expense. 


The construction recommended here uses 4/2 
air-spaced striphnes (Figure 6), and 11 seems 
that the maximum values of the semi-canductors 
have been achieved al 2300 MHz. In addition to 
this, the excellent selectivity of air-spaced strip- 


216 MHZ Dz 
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line circuils together with the chamber construc- 
ton ensures a clean oulpul signal from this 
module. 


The mixer version recommended here wilh ils 
specilic tuning of the collector circuit to the re- 
quired frequency corrects many old opinions that 
a conversion to 2300 MHz wilh a BFR34A is no 
longer possible. The problem was nol the 
BFR34A, bul the printed construction of the 
modified DF8QK type In those cases, due lo the 
undefined selectivily, the 161h harmomic of the 
2 m orive signal was radiated alter being ampii- 
fied »n the transmitter 


This problem was not present here. and the sub- 
sequent filler improves the output signal further 
so thal spurious waves are more Ihan sufficiently 
suppressed Furlhermore, an important point is 
Ihe exacl matching to the subsequent transistor 
input with the aid of the series circuit comprising 
L9. 


2.1 Components 


LS 5 turns of 1 mm Gia. silver- 
plated copper wire wound ona 
5mm dia coil former wih 
VHF-core; Input coupling: 

2 turns of insulated wire wound 
symmetrically to the center af 
a | 

Brass strips, 6 mm wide. length 
before bending = 35 mm, benl 
down 4 mm al both ends al an 
angle of 90° 


L2-LB, 


at Fig. 6: 


Construction of medule 
DFSQ2Z 002 (mixer and linear 
ampiifier) 
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L2.L10. Bent wire from 1 mm dia. 
silver-plaled copper wire, bent 
over a6 mm lormer 

RFC 1,RFC 2: 2/4 choke for 145 MHz =50cm, 


of 0.4 mm dia. enamelled 
copper wire wound ona 4mm 
former, self-supporting 
RFC 3-RFC 10 2 1urns al approx, 0.4 mm dia. 
enamelled copper wire wound 
ona25mm former, self- 
supponing 
Ceramic miniature spindle 
inmmer 05-3 pF (Philips) 
Coupling capacitors Ceramic disks of 10-3 pF 
Feedihrough capacitors: approx, 1 nF 
Metal box: 57 x 111 x 30mm 


C1-C9Q: 


2.2 Construction Details 


Construction is commenced by making Ihe holes 
for the spindle trimmers in the base of the box as 
shown in Figure 6 After this, the A/2 circutts are 
soldered into place with ihe holes for the trim- 
mers ai the cenler. after which the intermediate 
panels are also soldered into place The side 
panels are provided with the holes for the BNC- 
connectors and feedihrough capacilors After as- 
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sembling the base plale wiih the side panels. itis 
possible for the transistors, chokes. disk capaci- 
tors, as well as the 144 MHz circuil 10 be mounted 
and then soldered inio place. 


The network for adjusting the mixer balance and 
the operating paints is provided outside of the 
box on a small Vero boards. This can be srewed 
below the mixer module aflerwards Figure 7 
shows a photograph of the author's prototype. 


2.3 Alignment 


Firstly connect the operating votlage and local 
oscillator signal; measure the volilage drop 
ac‘oss the collector resistor of one of the mixer 
transislors (between +12 V and point 3 or 4). If 
the outpul cifcuil of the oscillator module 
DFSQZ001 and the input crrcuit of the mixer are 
in resonance, ihe vollage drop will increase 
clearly. The circuils should be aligned for maxi- 
mum voltage drop. 


This is followed by injeciing a 144 MHz drive 
signal (max. 15 mW'!), and measuring the vollage 
drop across the collector bias resistor of Ihe 
mixer transistor. This drive wit] cause a further in- 
crease ol voliage This is brough! lo maximum 


Fig. 7: Photograph of the author's prototype of module DFSQZ 002 
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DF S QZ 003 


with the aid of ihe core of inductance L 1 and the 
circuil Capacilance. Finally switch off the 2 m 
Carrier and adjusi Ihe quiescent currents of Ihe 
transistors to approximalely 10 mA, 


Switch on the 2 m signal again and measure the 
voltage drop across the collector bias resistor of 
the first amplifier lransistor (point 6). The collec- 
lor Circuil of the push-pull mixer, the filler circuit, 
and the input network of the first amplilier should 
now also be aligned lor maximum vollage drop 


Also align the second amplifier silage Attention 
should be paid thal one does nol align this to the 
oscillator frequency All circus are snarp 
enough |o be aligned cleanly to the required, lo- 
cal oscillator, or image Irequency! The rule of 
thumb is: The required frequency resulls with the 
trimmer virtually at minimum capacitance 


A sensitive power-meter or indicator suitable for 
the frequency should be used for aptimizing this 
module The balance of the mixer is aligned for 
best oscillator signal suppression with the aid of 
the wallmeter The most favorable values can. 
however, only be obtained with the aid of a spec- 
trum analyzer The measured Spurious suppres: 
sion amounted to 45 GB, and the output power 
was 5 mW 


The intermediate frequency of 144 MHz used 
was a disadvaniage As previously mennoned. 
the 16th harmonic of this band falls into ine 
13cm band This unwanted effect could be 
avoided easily by using a different IF (such as the 
70 cm band) However, if a Spectrum analyzer is 
available, this harmonic of the 2 m signal can be 
completely suppressed with the aid of the 2 m cir- 


Fig. 8: 
Two-stage linear amplifier for 
approx. 60 mW in the 13 cm 
band 


OUT 
2320 MHz 


[60m bw 


cust and the mixer operating points 


With respect to the oulput power, it is possible 
using this output power to communicale via a 
Iransponder ai a distance of 35 km (projected by 
OC@DA and DF5QZ) The inpul frequency was 
2320 13 MHz. the output {requency 432 75 MHz. 
The author's signal was 45 dB above noise and 
was able to drive the wanspongder fully The mixer 
operates stabily without any tendency Io oscilla- 
ton 


3. 
LINEAR AMPLIFIER WITH TWO BFR34A 


This low-power amplifier is equipped with 2 BFR 
344 and is designed to be as selective as poss)- 


! ‘ ' 
+ Us Uc +Us 4 
Fig. 9: Construction of the linear amplifier module 
DFSQZ 003 
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ble and to simultaneously provide a high. linear 
gain, These demands can only be satished when 
using chamber-type construction and when 
using atr-spaced striplines. The construction Is 
therefore identical to hat of the 2-stage amplifier 
in the mixer module 002 The SHF-circuit is 
shown in Figure 8. 


The bias voltage supply is carried oul according 
io the circuit diagram given in Figure 5 A sketch 
given "| Figure 9 and the photograph of the 
author's prototype shown in Figure 10 give an 
impression of Ihe construction The arrange- 
ment of the circuits and the chambers is not criti- 


Fig. 10: 
Photagsaph of the author's 
prototype DFSQZ 003 


cal, however, he base connection of the transi- 
stors ‘0 the [rimmers of Ihe associated matching 
circuit should be kept as short as possible. 


3.1. Component Detalls 


L1,L3.L4,.L6,L 7. Brass strips. 6 mm wide. 
35 mm lotal lengih. bent down 4 mm at both ends 
(90°) 

L2,L 5: Bent Irom 1 mmdia silver-plaled copper 
wire wound on a 35 mm former, height 8 mm. 
Trimmers (7 pcs}: ceramic miniature spindle trim- 
mers, 0.3-3 pF (Philips) 

Metal box: 72 x 57 x 30mm 


7370MHz 


| tH? 
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Fig. 11: 

Two-stage linear amplifier for 
approximately 600 mW in the 
13 cm band 
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3.2. Alignment 


Firstly, acjust the quiescent currents to approx!- 
mately 10 mA and connect a power-meter or 
other indicator to the output. A signal of approx- 
mately 5 mW is now connected from the mixer 
module 002 to the amplifier module 003. The vol- 
tage drop across the two collector bias resisiors 
should now be measured again. and the reso- 
nant circuits aligned for maximum reading. The 
watimeter should finally indicate approximately 
60 mW The gain of this module was measured to 
be 12 dB. and the 3 dB bandwidth to be 23 MHz 


4. 
DRIVER STAGE 


Untcrtunately, there are virtually no cheap power 
transistors for the frequency range around 
2500 MHz. A possible type was given in (4), The 
layout of the PC-board described Ihere was mo- 
dified al one posilion, and then tested together 
with the transistor types BFQ 68 and BFQ 34. 
Whereas the BFQ 34 provided posilive results, jt 
was found that he BFQ 68 was unsuitable lor use 
on this board. It seems that the S-parameters of 
this type differed greally, which meant that 
matching could not be ablained. 


On the other hand, the BFQ 34 provided a gain of 


ess" 


Fig. 12: Single-coated epoxy PC-board Jor the linear 
amplifier equipped with twa BFQ 34 


5106 GB at 2.3 GHz. and thus an oulpu! power in 
the order of 0.5 W. It was therelore decided Io 
construct the two-slage driver equipped with two 
BFO 34, which provided the stable 10 dB gain as 
was expected, (see Figure 11) 


4.1. Construction 


The iwo-stage driver amplifier for 2300 MHz 
equipped with two BFQ 34 is accommodated on 
PC-board DF 5 QZ 004 (see Figure 12). This 
board is made from epoxy glasshbre material 
(G 10) and its dimensions are 108 mm x 52mm. 


This board can be fitted into a metal box. whose 
dimensions are 110 x 55 x 30 mm. The 1wo nel- 
works for adjusting (he quiescenm! Currents are 
built up on a piece of Vero board outside of the 
case (see Figure 13), The contact of the transi- 
sior Dolls fo the base plate of Ihe case is sufficient 


Fig. 13: 
Photograph of the author's 
prototype DFSQZ 004 
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Fig. 14°) W power amplifier for the 13 cm band 
OFSQzZ 005 


for cooling The collector and base connections 
of the transistors should be shonened and cut 
with the aid of scissors belore soldering into 
place. The four chokes are Jerrite beads placed 
over the connection wires. 


4.2. Alignment of the Driver 


The quiescem current of both transistors is 
adjusted to 140 mA. The oulput should now be 
connecled lo a power meter The input signal is 
now connected, and the spindte trimmers align- 
ed for maximum output power, With an input 
pawer of 60 mW. it is possible 10 obtain an output 
power of 600 mW, as was measured in the 
author's prototype This allows a tube amplifier 
such as (2) Io de driven lo approximately 6 W Sin- 
ce the construction of such a tube amplifier re- 
quires a lot of metal work, an allemplt was made 


Metal case 
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to increase the output power further using the 
relatively inexpensive BFO 34 


5. 
POWER AMPLIFIER 


The transistor BFQ 34 was examined at higher 
Grive levels with the aid of an adjustable 
2320 MHz power source. The result was that the 
efficiency of this transistor ceases at an outpul 
power of 1.2 to 15 W. The parallel connection of 
two such BFO 34 did not result in any noticeable 
SUCCESS 


In the author's opinion, a printed construction is 
not suitable to obtain the determined 3 dB gain in 
the power range over 0.5 W. For this reason, the 
matching links were once again made in air- 
spaced stripline technology. Figure 14 shows the 
circult diagram, Figure 15 the construction, and 
Figure 16 he photograph of the author's proto- 
type 

The transistor is screwed to the base; a heal sink 
made out of 5 mm thick aluminium plate having 
the same dimensions as the case is used for 
cooling. The hole around the transistor 's careful- 
ly sawn out with the aid of a fretsaw, So that the 
base and emilter connections do not touch the 
base plate 


5.1. Components 


L1 Brass strip 6mm wide, 15 mm tong. spaced 
4mm over the base plate 
L2- Brass strip, 10 mm wide. 25 mm long; 


collector end bent down 4 mm, other end 


Fig. 15: 
Construction on the base of a metal 
case 
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should be cul as shown in Figures 14 and 
16; mounted 6 mm over the base plate. 


RFC 1.1 mm dia 
10 mm tong 


silver-plaled copper wire, 


RFC 2, RFC 4: Ferrite bead 


RFC 3:2 mm dia silver-plated copper wire. 
10 mm long 


Trimmer: 4 ceramic minialure spinde trimmers, 
0.3-3 pF (Philips) 
C {1 mounted between the connector 
and L 1 self-supporting: C 2 - C 4: for 
horizontal mounting. 


Metall case: 74 x 74 x 30mm 
Base and collector voliage supply: As in the case 
of driver DF5QZ 004. 


5.2. Alignment of he Amplifier 


Connect a power meter to the oulpul, and align a 
quiescent current to 140 mA, Connect the signal 
at the input and align for max “um output. In the 
author's prototype, | lo 1.3 W were oblained with 
a drive level of 500 to 600 mW. 


Fig. 16: 

Photograph of the author’s 
prototype 1! W power amplifier 
OF5QZ 005 


6. 
REFERENCES 


1) R Heidemann, OC3QS. 
SSB Transmil Mixers for the SHF 
Bands 
Part 1: 13cm Band 
VHF COMMUNICATIONS 11. 
Edition 2/1979, pages 86-96 


2) H. J. Senckel, DFS5QZ: 
A Transmit Mixer and Linear Amplifier for the 
13. cm Band Equipped with a 2 C 39 Tube 
VHF COMMUNICATIONS 11 (1979), 
Edition 1, pages 27-33 


3) J. Dahms, OCODA 
Interdigital Converters for the GHz 
Amateur Bands 
VHF COMMUNICATIONS 10, 
Edition 3/1978, pages 154-168 


4) R. Heidemann, DC3QS. 
A Linear 1 W Power Amplifter tor 
2400 MHz 
VHF COMMUNICATIONS 13. 
Edition 4/1981, pages 204-206 


181 


